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(54) Control valve and method for controlling an air-conditioning system 



(57) An air-conditioning system has a refrigerant cir- 
cuit (30). The circuit includes a condenser (31), an 
expansion valve (32), an evaporator (33) and a variable 
displacement compressor. The system has a pressure 
difference detector (36). The pressure difference detec- 
tor (36) detects the pressure difference between two 
pressure monitoring points (P1 f P2) located on the 

Fig.l 



refrigerant circuit. A control valve (40) and a controller 
(60) control the displacement of the compressor in 
accordance with the pressure difference detected by the 
pressure difference detector (36). This permits the dis- 
placement of the compressor to be quickly changed. 
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D scription 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an air-condi- 5 
tioning system having a refrigeration circuit. More par- 
ticularly, the present invention pertains to a method for 
controlling the displacement of a variable displacement 
compressor and to a control valve used in a variable dis- 
placement compressor. 

[0002] A refrigeration circuit of a typical vehicle air- 
conditioning system includes a condenser, an expan- 
sion valve, which functions as a decompression device, 
an evaporator and a compressor. The compressor 
draws refrigerant gas from the evaporator and com- 
presses the gas. The compressor then discharges the 
gas to the condenser. The evaporator performs heat 
exchange between the refrigerant in the circuit and air in 
the passenger compartment. Heat from air that flows 
about the evaporator is transferred to the refrigerant 
flowing through the evaporator in accordance with the 
thermal load or the cooling load. The pressure of the 
refrigerant gas at the outlet of the evaporator represents 
the magnitude of the thermal load. 
[0003] A vehicle variable displacement swash plate 
type compressor has a displacement control mecha- 
nism for setting the pressure (suction pressure Ps) in 
the vicinity of the outlet of the evaporator to a predeter- 
mined target suction pressure. The mechanism adjusts 
the compressor displacement by changing the inclina- 
tion angle of the swash plate such that the flow rate of 
refrigerant corresponds to the cooling load. To control 
the displacement, a control valve is used. The control 
valve includes a pressure sensing member, which is a 
bellows or a diaphragm. The pressure sensing member 
detects the suction pressure Ps. A valve opening is 
adjusted in accordance with the displacement of the 
pressure sensing member, which changes the pressure 
in a crank chamber, or crank pressure Pc. 
[0004] A simple control valve that controls a single 
target suction pressure cannot control the air condition- 
ing performance accurately. Therefore, an electromag- 
netic control valve that changes a target suction 
pressure in accordance with an external current has 
been introduced. Such a control valve includes an elec- 
tromagnetic actuator such as a solenoid. The actuator 
changes force acting on a pressure sensing member in 
accordance with an external current to adjust a target 
suction pressure. 

[0005] A typical on-vehicle compressor is driven by 
an engine. A compressor is one of the devices that con- 
sume most of the power (or the torque) of an engine. 
Therefore, when the load on the engine is great, for 
example, when the vehicle is accelerating or moving 
uphill, the compressor displacement is minimized to 
reduce the engine load. Specifically, the value of current 
supplied to the electromagnetic control valve is control- 
led for setting the target suction pressure to a relatively 



great value. Accordingly, to increase the actual suction 
pressure toward the target suction pressure, the control 
valve operates such that the compressor displacement 
is minimized. 

[0006] A graph of Fig. 22 illustrates the relationship 
between a suction pressure Ps and the displacement 
Vc of a compressor. The relationship is represented by 
multiple lines in accordance with the thermal load in an 
evaporator. Thus, if a level Ps1 is set as a target suction 
pressure Pset, the actual displacement Vc varies in a 
certain range (AVc in Fig. 22) due to the thermal load. 
For example, when an excessive thermal load is applied 
to the evaporator, an increase of the target suction pres- 
sure Pset may not decrease the engine load. That is, 
even if the target suction pressure Pset is raised, the 
compressor displacement Vc will not be lowered to a 
level that reduces the engine load unless the thermal 
load on the evaporator is relatively small. 
[0007] The suction pressure Ps represents the ther- 
mal load on an evaporator. The method for controlling 
the displacement of a variable displacement compres- 
sor based on the suction pressure PS is appropriate for 
maintaining the temperature in a vehicle compartment 
at a comfortable level. However, to quickly decrease the 
displacement, the displacement control based only on 
the suction pressure Ps is not always appropriate. For 
example, the displacement control based on the suction 
pressure Ps is not suitable for the above described dis- 
placement limiting control procedure, in which the dis- 
placement must be quickly decreased to secure the 
engine power. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an objective of the present 
invention to provide an air-conditioning system that rap- 
idly changes the displacement of a compressor. Partic- 
ularly, the objective of the present invention is to provide 
a method for controlling a variable displacement com- 
pressor and a control valve of a variable displacement 
compressor that stabilizes the temperature of a vehicle 
passenger compartment and be quickly changed to 
secure the engine power. 

[0009] To achieve the above objective, the present 
invention provides an air-conditioning system having a 
refrigerant circuit. The circuit includes a condenser, a 
decompression device, an evaporator and a variable 
displacement compressor. The system comprises a 
pressure difference detector for detecting the pressure 
difference between two pressure monitoring points 
located on the refrigerant circuit, and means for control- 
ling the displacement of the compressor in accordance 
with the pressure difference detected by the pressure 
difference detector. 

[0010] To achieve the above objective, the present 
invention also provides a method for controlling the dis- 
placement of a variable displacement compressor in a 
refrigerant circuit of a vehicle air-conditioning system. 



15 



20 



25 



30 



35 



40 



45 



50 



3 



EP 1 074 800 A2 



4 



The method comprises selecting a control mode from a 
plurality of modes including a normal displacement con- 
trol mode and a specific displacement control mode, 
changing the displacement of the compressor such that 
the pressure difference between two pressure monitor- 5 
ing points, which are located in the refrigerant circuit, 
approaches a target pressure difference that reflects 
the temperature of a passenger compartment when the 
normal displacement control mode is selected, and con- 
trolling the compressor to have a predetermined dis- 10 
placement when the specific displacement control is 
selected. 

[0011] To achieve the above objective, the present 
invention also provides a control valve used for a varia- 
ble displacement compressor. The compressor is a part 15 
of a refrigerant circuit. The compressor includes a crank 
chamber, a drive plate accommodated in the crank 
chamber, a supply passage for connecting a discharge 
pressure zone to the crank chamber, and a bleed pas- 
sage for connecting a suction pressure zone to the 20 
crank chamber. The inclination angle of the drive plate 
varies in accordance with the pressure in the crank 
chamber thereby controlling the displacement of the 
compressor. The control valve comprises a valve hous- 
ing. A valve chamber is defined in the valve housing to 25 
form part of the supply passage or the bleed passage. A 
movable valve body is located in the valve chamber to 
adjust opening size of the supply passage or the bleed 
passage. A pressure difference detector detects the 
pressure difference between two pressure monitoring 30 
points located in the refrigerant circuit. The position of 
the valve body is affected by based on a force produced 
by the detected pressure difference. An actuator applies 
a force to the pressure difference detector, wherein the 
actuator changes a target pressure difference accord- 35 
ing to the external command. 

[0012] Other aspects and advantages of the inven- 
tion will become apparent from the following descrip- 
tion, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles of 40 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The features of the present invention that are 45 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 
erence to the following description of the presently pre- 
ferred embodiments together with the accompanying so 
drawings in which: 

Fig. 1 is a cross-sectional view illustrating a swash 
plate type variable displacement compressor 
according to a first embodiment; 55 

Fig. 2 is a cross-sectional view illustrating a control 
valve of Fig. 1 ; 



Fig. 3 is a schematic diagram illustrating a refriger- 
ation circuit according to the first embodiment; 

Fig. 4 is a flowchart showing a main routine for con- 
trolling a displacement; 

Fig. 5 is a flowchart showing a first subroutine; 

Rg. 6 is a flowchart showing a second subroutine; 

Fig. 7 is a flowchart showing a third subroutine; 

Rg. 8 is a flowchart showing a fourth subroutine; 

Rg. 9 is a flowchart showing a fifth subroutine; 

Rg. 1 0 is a graph showing changes of pressure dif- 
ference between two points; 

Rg. 11 is a cross-sectional view illustrating a swash 
plate type variable displacement compressor 
according to a third embodiment; 

Rg. 12 is an enlarged partial cross-sectional view 
of the compressor shown in Rg. 1 1 illustrating a 
pressure introduction passage; 

Rg. 13 is a cross-sectional view taken along line 
13-13 of Fig. 12; 

Rg. 14 is a cross-sectional view of a control valve 
used in the compressor shown in Fig. 11 ; 

Rg. 15 is a flowchart showing routine for determin- 
ing a target pressure difference according to the 
third embodiment; 

Rg. 16 is a cross-sectional view illustrating a dis- 
placement control valve according to a fourth 
embodiment; 

Rg. 1 7 is a cross-sectional view illustrating a dis- 
placement control valve according to a fifth embod- 
iment when a valve hole is open; 

Rg. 18 is a cross-sectional view like Fig. 17 when 
the valve hole is closed; 

Rg. 19 is a cross-sectional view illustrating a dis- 
placement control valve according to a sixth 
embodiment; 

Rg. 20 is a cross-sectional view illustrating a dis- 
placement control valve according to a seventh 
embodiment; 

Fig. 21 is a cross-sectional view illustrating an actu- 
ator according to an eighth embodiment; 
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Fig. 22 is a graph showing the relationship between 
the suction pressure and the displacement of a 
prior art compressor; 

Fig. 23 is a schematic diagram illustrating a refriger- 
ation circuit according to a ninth embodiment; 

Fig. 24 is a cross-sectional view illustrating a dis- 
placement control valve used in the circuit shown in 
Fig. 23; 

Fig. 25 is an enlarged partial cross-sectional view 
illustrating a compressor rear housing according to 
a tenth embodiment; 

Fig. 26 is an enlarged partial cross-sectional view 
illustrating a compressor rear housing according to 
an eleventh embodiment; and 

Fig. 27 is a schematic diagram illustrating a refriger- 
ation circuit according to a second embodiment; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] A vehicle air-conditioning system according 
to a first embodiment of the present invention will now 
be described with reference to Figs. 1 to 1 0. 
[0015] Fig. 1 illustrates a refrigeration circuit of a 
vehicle air-conditioning system. The refrigeration circuit 
has a swash plate type variable displacement compres- 
sor and an external refrigeration circuit 30. The refriger- 
ation circuit 30 includes, for example, a condenser 31, 
an expansion valve 32 and an evaporator 33. The open- 
ing of the expansion valve 32 is feedback-controlled 
based on the temperature detected by a heat sensitive 
tube 34 at the outlet of the evaporator 33. The expan- 
sion valve 32 supplies refrigerant, the amount of which 
corresponds to the thermal load on the evaporator 33, 
to regulate the flow rate. The compressor draws refrig- 
erant gas from the downstream portion of the refrigera- 
tion circuit 30 and compresses the gas. The compressor 
then discharges the compressed gas to the upstream 
portion of the circuit 30. 

[0016] The compressor shown in Fig. 1 is a swash 
plate type variable displacement compressor, or recip- 
rocal piston type compressor. The compressor includes 
a cylinder block 1, a front housing member 2, which is 
secured to the front end face of the cylinder block 1 , and 
a rear housing member 4, which is secured to the rear 
end face of the cylinder block 1. A valve plate 3 is 
located between the cylinder block 1 and the rear hous- 
ing member 4. The cylinder block 1 , the front housing 
member 2, the valve plate 3 and the rear housing mem- 
ber 4 are secured to one another by bolts 10 (only one 
is shown) to form the compressor housing. In Fig. 1 , the 
left end of the compressor is defined as the front end, 
and the right end of the compressor is defined as the 
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rear end. 

[0017] A crank chamber 5 is defined between the 
cylinder block 1 and the front housing member 2. A drive 
shaft 6 extends through the crank chamber 5 and is 

5 supported through radial bearings 8A, 8B by the hous- 
ing. A recess is formed in the center of the cylinder block 
1 . A spring 7 and a rear thrust bearing 9B are located in 
the recess. A lug plate 1 1 is secured to the drive shaft 6 
in the crank chamber 5 to rotate integrally with the drive 

10 shaft 6. A front thrust bearing 9A is located between the 
lug plate 1 1 and the inner wail of the front housing mem- 
ber 2. A rear thrust bearing 9B is located adjacent to the 
rear end of the drive shaft 6. The drive shaft 6 is sup- 
ported in the axial direction by the rear bearing 9B, 

15 which is urged forward by the spring 7, and the, front 
bearing 9A. 

[0018] The front end of the drive shaft 6 is con- 
nected to an external drive source, which is an engine E 
in this embodiment, through a power transmission 

20 mechanism PT. In this embodiment, the power trans- 
mission mechanism PT is a clutchless mechanism that 
includes, for example, a belt and a pulley. Alternatively, 
the mechanism PT may be a clutch mechanism (for 
example, an electromagnetic clutch) that selectively 

25 transmits power when supplied with a current. 

[0019] A drive plate, which is a swash plate 12 in 
this embodiment, is accommodated in the crank cham- 
ber 5. The swash plate 12 has a hole formed in the 
center. The drive shaft 6 extends through the hole in the 

30 swash plate 1 2. The swash plate 1 2 is coupled to the lug 
plate 1 1 by a guide mechanism, which is a hinge mech- 
anism 13 in this embodiment. The hinge mechanism 13 
includes two support arms 14 (only one is shown) and 
two guide pins 15 (only one is shown). Each support 

35 arm 14 projects from the rear side of the lug plate 11. 
Each guide pin 15 projects from the swash plate 12. The 
swash plate 12 to rotate integrally with the lug plate 1 1 
and drive shaft 6. The awash plate 12 slides along the 
drive shaft 6 and tilts with respect to the axis of the drive 

40 shaft 6. The swash plate 12 has a counterweight 12a 
located at the opposite side of the drive shaft 6 from the 
drive hinge mechanism 13. 

[0020] A spring 1 6 is located between the lug plate 
11 and the swash plate 12. The spring 16 urges the 

45 swash plate 12 toward the cylinder block 1, or in the 
direction decreasing the inclination of the swash plate 
1 2. The inclination of the swash plate 1 2 is referred to as 
angle 6 formed by the swash plate 12 and a plane per- 
pendicular to the drive shaft 6. A stopper ring 1 8 is fixed 

so on the drive shaft 6 behind the swash plate 12. A spring 
1 7 is fitted about the drive shaft 6 between the stopper 
ring 18 and the awash plate 12. When the inclination 
angle 6 is great as shown by the broken line in Fig. 1, 
the spring 1 7 does not apply force to the awash plate 

55 12. When the inclination angle 6 is small as shown by 
the solid line in Fig. 1, the spring 17 is compressed 
between the stopper ring 1 8 and the awash plate 12 and 
urges the swash plate 12 away from the cylinder block 
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1 , or in a direction increasing the inclination angle G. 
The normal length of the spring 1 7 and the location of 
the stopper ring 1 8 are determined such that the spring 
17 is not fully contracted when the swash plate 12 is 
inclined by the minimum inclination angle 9min (for 
example, an angle from one to five degrees). 
[0021] Cylinder bores 1a (only one shown) are 
formed in the cylinder block 1 . The cylinder bores 1 a are 
arranged at equal angular intervals about the drive shaft 
6. The rear end of each cylinder bore 1 a is blocked by 
the valve plate 3. A single headed piston 20 is recipro- 
cally accommodated in each cylinder bore 1 a. Each pis- 
ton 20 and the corresponding cylinder bore 1a define a 
compression chamber, the volume of which is changed 
according to reciprocation of the piston 20. The front 
portion of each piston 20 is coupled to the swash plate 
12 by a pair of shoes 19. Therefore, rotation of the 
swash plate 12 reciprocates each piston 20 by a stroke 
that corresponds to the angle 6. 

[0022] A suction chamber 21 and a discharge 
chamber 22 are defined between the valve plate 3 and 
the rear housing member 4. The discharge chamber 22 
surrounds the suction chamber 21 . The valve plate 3 
has suction ports 23 and discharge ports 25, which cor- 
respond to each cylinder bore 1a. The valve plate 3 also 
has suction valve flaps 24, each of which corresponds 
to one of the suction ports 23, and discharge valve flaps 
26, each of which corresponds to one of the discharge 
ports 25. The suction ports 23 connect the suction 
chamber 21 with the cylinder bores 1 a. The discharge 
ports 25 connect the cylinder bores 1a with the dis- 
charge chamber 22. 

[0023] When each piston 20 moves from the top 
dead center position to the bottom dead center position, 
refrigerant gas in the suction chamber 21 , which is a 
suction pressure zone, flows into the corresponding cyl- 
inder bore 1 a via the corresponding suction port 23 and 
suction valve 24. When each piston 20 moves from the 
bottom dead center position to the top dead center posi- 
tion, refrigerant gas in the corresponding cylinder bore 
1a is compressed to a predetermined pressure and is 
discharged to the discharge chamber 22, which is a dis- 
charge pressure zone, via the corresponding discharge 
port 25 and discharge valve 26. 

[0024] Power of the engine E is transmitted to and 
rotates the drive shaft 6. Accordingly, the awash plate 
12, which is inclined by an angle 9, is rotated. Rotation 
of the swash plate 1 2 reciprocates each piston 20 by a 
stroke that corresponds to the angle 6. As a result, suc- 
tion, compression and discharge of refrigerant gas are 
repeated in the cylinder bores 1 a. 
[0025] The inclination angle e of the swash plate 1 2 
is determined according to various moments acting on 
the swash plate 12. The moments include a rotational 
moment, which is based on the centrifugal force of the 
rotating awash plate 12, a spring force moment, which is 
based on the force of the springs 1 6 and 1 7, a moment 
of inertia of the piston reciprocation, and a gas pressure 



moment. The gas pressure moment is generated by the 
force of the pressure in the cylinder bores 1 a and the 
pressure in the crank chamber 5 (crank pressure Pc). 
The gas pressure moment is adjusted by changing the 

5 crank pressure Pc by a displacement control valve 40, 
which will be discussed below. Accordingly, the inclina- 
tion angle 9 of the plate 12 is adjusted to an angle 
between the maximum inclination Gmax and the mini- 
mum inclination Omin. The contact between the counter- 

10 weight 12a and a stopper 11a of the lug plate 11 
prevents further inclination of the swash plate 12 from 
the maximum inclination 9max. The minimum inclination 
9m in is determined based primarily on the forces of the 
springs 16 and 17 when the gas pressure moment is 

75 maximized in the direction in which the swash plate 
inclination is decreased. 

[0026] A mechanism for controlling the crank pres- 
sure Pc includes a bleeding passage 27, a supply pas- 
sage 28 and the control valve 40 as shown in Figs. 1 

20 and 2. The passages 27, 28 are formed in the housing. 
The bleeding passage 27 connects the suction chamber 
21 with the crank chamber 5. The supply passage 28 
connects the discharge chamber 22 with the crank 
chamber 5. The control valve 40 is located in the supply 

25 passage 28. 

[0027] The control valve 40 changes the opening of 
the supply passage 28 to adjust the flow rate of refriger- 
ant gas from the discharge chamber 22 to the crank 
chamber 5. The crank pressure Pc is changed in 

30 accordance with the relationship between the flow rate 
of refrigerant gas from the discharge chamber 22 to the 
crank chamber 5 and the flow rate of refrigerant gas 
flowing out from the crank chamber 5 to the suction 
chamber 21 through the bleeding passage 27. The dif- 

35 ference between the crank pressure Pc and the pres- 
sure in the cylinder bores 1 a is changed in accordance 
with the crank pressure Pc, which varies the inclination 
angle 9 of the swash plate 1 2. This alters the stroke of 
each piston 20 and the compressor displacement. 

40 [0028] As shown in Fig. 2, the control valve 40 
includes an inlet valve portion 41 and a solenoid portion 
51 . The housing of the inlet valve portion 41 has an inlet 
port 42, a valve chamber 43, a valve hole 44 and an out- 
let port 45, which form a part of the supply passage 28. 

45 A valve body 46 is housed in the valve chamber 43 to 
contact and separate from the valve hole 44. Also, a 
spring 47 is housed in the valve chamber 43 to urge the 
valve body 46 in a direction such that the valve hole 44 
is closed. 

so [0029] The solenoid portion 51 includes a fixed iron 
core 52, a movable iron core 53, a coil 54 and a spring 
55. The coil 54 is located radially outward of both the 
fixed core 52 and the movable core 53. A rod 48 couples 
the movable core 53 with the valve body 46. A spring 55 

55 urges the valve body 46 through the movable core 53 
and the rod 48 in a direction closing the valve hole 44. 
[0030] When a current is supplied to the solenoid 
portion 51 , an attraction force is generated between the 
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cores 52 and 53. The attraction force acts against the 
force of the spring 55. Therefore, the position of the 
valve body 46 is determined by the equilibrium of the 
downward force, which includes the force of the spring 
47 and the electromagnetic force, and the upward force, 5 
which is the force of the spring 55. The opening size of 
the supply passage 28 is changed by the electromag- 
netic force, which corresponds to the current supplied to 
the coil 54. The coil 54 is duty controlled in this embod- 
iment. That is, the duty ratio of the current is varied. The 10 
coil 54 may be controlled by changing the level of sup- 
plied current. Alternatively, the coil 54 may be controlled 
by pulse-width-modulation. Due to the structure of the 
control valve 40, a smaller duty ratio Dt increases the 
opening size of the control valve 40. A greater duty ratio 15 
Dt decreases the opening size of the control valve 40. 
[0031] As shown in Fig. 3, a pipe 35 is located in the 
downstream portion of the external refrigeration circuit 
30 to connect the outlet of the evaporator 33 to the suc- 
tion chamber 21 of the compressor. A pressure differ- 20 
ence detector 36 is located on the pipe 35. The detector 
36 includes a first pressure sensor 37, a second pres- 
sure sensor 38 and a signal processor 39. The detector 
36 functions as an electrical means for detecting a pres- 
sure difference. Two pressure monitoring points P1 , P2 25 
are defined in the pipe 35. The points P1 and P2 are 
spaced by a predetermined distance in the direction of 
flow, The first pressure sensor 37 detects the pressure 
PsH at the upstream point P1, and the second pressure 
sensor 38 detects the pressure PsL at the downstream 30 
point P2. The signal processor 39 receives signals 
regarding the pressures PsH, PsL from the sensors 37, 
38 and computes the pressure difference AP(t). The 
processor 39 then sends a signal representing the pres- 
sure difference AP(t) to a controller 60. 35 
[0032] The greater the displacement of the com- 
pressor is, the higher the flow rate of refrigerant in the 
refrigeration circuit is. The greater the flow rate of the 
refrigerant, the greater the pressure loss per unit length 
in the circuit is. That is, the pressure loss between two 40 
points in the refrigeration circuit corresponds to the flow 
rate of refrigerant in the circuit. Detecting the pressure 
difference AP(t) <AP(t)=PsH-PsL) between two points 
P1 , P2 permits the displacement of the compressor to 
be indirectly detected. That is, the pressure difference 45 
detector 36 detects the flow rate of refrigerant in the 
refrigeration circuit and the compressor displacement 
and outputs an electric signal representing the detected 
information. 

[0033] The controller 60 controls the vehicle air- so 
conditioning system. As shown in Fig. 2, the controller 
60 includes a CPU, a ROM, a RAM, a timer and an 
input-output circuit. The ROM stores various control 
programs (see flowcharts of Figs. 4 to 9) and initial data. 
The timer measures elapsed time based on commands 55 
from the CPU and signals when a certain period has 
elapsed. The input-output circuit is an interface circuit, 
which has input-output terminals. A drive circuit 61 is 
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connected to the output terminals of the input-output cir- 
cuits. The drive circuit 61 sends drive signals, which are 
duty controlled, to the coil 54 of the control valve 40 
based on commands from the controller 60. The control 
valve 40 and the controller 60 form means for controlling 
the compressor displacement. 

[0034] As shown in Fig. 2, the input terminal of the 
input-output circuit is connected to the pressure differ- 
ence detector 36, an air conditioner switch 62, a tem- 
perature adjuster 63, a temperature sensor 64 and an 
electronic control unit (ECU). The air conditioner switch 
62 is an ON and OFF switch to activate the air-condi- 
tioning system and sends information regarding 
ON/OFF state of the air-conditioning system to the con- 
troller 60. The temperature adjuster 63 sends informa- 
tion regarding a target temperature Te(set) to the 
controller 60. The temperature sensor 64 is located in 
the vicinity of the evaporator 33 to detect the tempera- 
ture of the passenger compartment, and sends informa- 
tion regarding the detected temperature Te(t) to the 
controller 60. The pressure difference detector 36 
sends information AP(t) regarding the flow rate of refrig- 
erant in the refrigeration circuit and regarding the com- 
pressor displacement to the controller 60. 
[0035] The ECU is connected to a vehicle speed 
sensor 65, an engine speed sensor 66 and a throttle 
sensor 67. The throttle sensor 67 detects the opening 
size of a throttle valve located in an engine intake pas- 
sage. The opening size of the throttle valve represents 
the degree of depression of the gas pedal. The control- 
ler 60 receives information regarding the running condi- 
tions of the vehicle, that is, the vehicle speed V, the 
engine speed NE, the gas pedal depression degree 
Ac(t), through the ECU. The depression degree of the 
gas pedal may be directly detected. The switch 62, the 
sensors 63, 64, 65, 66, 67 and the ECU form external 
information detector M1. 

[0036] The controller 60 detects the current condi- 
tions based on the information from the external infor- 
mation detector M1 and computes the duty ratio Dt of a 
signal sent from the drive circuit 61 to the coil 54. Then, 
the controller 60 sends a signal having the computed 
duty ratio Dt to the drive circuit 61 . Accordingly, the con- 
trol valve 40 continuously adjusts the opening of the 
supply passage 28 to alter the crank pressure Pc. 
[0037] A duty control performed by the controller 60 
will now be described with reference to flowcharts of 
Figs. 4 to 9. The controller 60 performs the duty control 
for controlling the compressor displacement. The flow- 
chart of Fig. 4 illustrates a main routine of a program for 
controlling the air-conditioning system. The flowcharts 
of Figs. 5 to 9 illustrate sub-routines that are executed 
when certain conditions are satisfied. 
[0038] When an ignition switch or a start switch of 
the vehicle is turned on, current is supplied to the ECU 
and the controller 60, which causes the ECU and the 
controller 60 to start computation. In step S41 of Fig. 4, 
the controller 60 executes initial settings according to an 
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initial program. For example, the controller 60 deter- 
mines provisional values for a target pressure difference 
TPD and the duty ratio Dt The target pressure differ- 
ence TPD is a target value in a feedback control of the 
pressure difference (PsH-PsL). After executing step 5 
S41 , the controller 60 moves to step S42. 
[0039] In step S42, the controller 60 judges the 
ON/OFF state of the air conditioner switch 62. If the 
switch 62 is on, the controller 60 moves to step S43 and 
judges whether the vehicle is stopped (not moving) and 10 
the engine E is idling. Specifically, the controller 60 
judges whether the vehicle speed is zero and the 
engine speed NE is not zero. If the decision outcome of 
step S43 is negative, the controller 60 moves to a spe- 
cific condition judgement routine (S44 to S47). If the is 
decision outcome of step S43 is positive, the controller 
60 moves a second routine RF6 as an inspection 
adjustment. When the transmission and clutch do not 
transmit power from the engine to the wheels even if the 
vehicle speed is greater than zero, the decision out- 20 
come of step S43 is positive. 

[0040] In a first judgment step (S44), the controller 
60 judges whether the current gas pedal depression 
degree Ac(t) is more than a first determination value 
Ac(D1). Specifically, the controller 60 judges whether 25 
the current depression degree Ac(t) is greater than a 
value that corresponds to a constant vehicle speed 
when the vehicle is moving on a flat road surface. In 
other words, the controller 60 judges whether the 
engine load is great due to, for example, an uphill move- 30 
ment of the vehicle. The first determination value 
Ac(D1) is set to, for example, eighty to ninety percent of 
the maximum depression degree. If the decision out- 
come of step S44 is positive, that is, if the engine load is 
great, the controller 60 moves to a third routine RF7 as 35 
a high load. 

[0041] In a second judgment step (S45), the con- 
troller 60 judges whether the current pedal depression 
degree Ac(t) is greater than a value computed by adding 
an allowable increase amount a to the previous pedal 40 
depression degree Ac(t-1). That is, in step S45, the con- 
troller 60 judges whether the pedal depression degree 
Ac(t) has been increased by an amount greater than the 
allowable amount a. In this manner, the controller 60 
detects, for example, whether the vehicle is accelerating 45 
for passing another vehicle. Using an appropriate allow- 
able value p permits determination of whether a change 
of the depression degree Ac(t) is only a fluctuation or an 
intended depression. If the decision outcome of step 
S45 is positive, that is, when the vehicle needs to be so 
accelerated, the controller 60 moves to a fourth routine 
RF8 as an acceleration. If the decision outcome of step 
S45 is negative, the controller 60 stores the current 
depression degree Ac(t) as a previous depression 
degree Ac(t-1 ) to be used in step S45 in the subsequent 55 
cycle. 

[0042] In a third judgment step (S47), the controller 
60 judges whether the current pedal depression degree 
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Ac(t) is less than a minimum depression degree 
Ac(min). The minimum depression degree Ac(min) is 
the minimum value of the pedal depression degree. The 
gas pedal depression degree Ac(t) is defined as being 
minimum when the driver is not depressing the gas 
pedal at all. At this time, the engine is prevented from 
stalling. In step S47, the controller 60 detects, for exam- 
ple, whether the vehicle is moving downhill or whether 
the vehicle is decelerating. If the decision outcome is 
positive, that is, if the vehicle is moving by inertia or 
decelerating, the controller 60 moves to a fifth routine 
RF9 as moving by inertia or decelerating. 
[0043] If the decision outcome of step S47 is nega- 
tive, all the decision outcomes of steps S44, S45 and 
S47 are negative. In this case, the vehicle is in the nor- 
mal running state. If the decision outcome of step S47 is 
negative, the controller 60 moves to a first subroutine 
RF5. In most cases, the controller 60 returns to step 
S42 after executing the routine RF5. 
[0044] Fig. 5 illustrates the first subroutine RF5, 
which is executed for feedback controlling the compres- 
sor displacement. Steps S51 to S54 are executed for 
reexamining the target pressure difference TPD. In 
steps S55 to S58, the duty ratio Dt is controlled such 
that the actual pressure difference AP(t), which is 
detected by the pressure difference detector 36, to seek 
a target value TPD. 

[0045] In step S51 , the controller 60 judges whether 
the temperature Te(t) in the vicinity of the evaporator 33, 
which is detected by the temperature sensor 64, is 
higher than a target temperature Te(set), which is set by 
the temperature adjuster 63. If the decision outcome of 
step S51 is negative, the controller 60 moves to step 
S52. In step S52, the controller 60 judges whether the 
temperature Te(t) is lower than the target temperature 
Te(set). If the decision outcome in step S52 is also neg- 
ative, the detected temperature Te(t) is equal to the tar- 
get temperature Te(set). Therefore, a change of the 
target pressure difference TPD, which alters the cooling 
performance, need not be performed. 
[0046] If the decision outcome of step S51 is posi- 
tive, the thermal load on the evaporator 33 is great. 
Therefore, the controller 60 increases the target pres- 
sure difference TPD by an amount dP in step S53. The 
increased target pressure difference TPD is referred to 
as TPD (New), and the previous target pressure differ- 
ence TPD is referred to as TPD (Old). An increase of the 
target pressure different TPD increases the cooling per- 
formance. If the decision outcome in step S52 is posi- 
tive, the thermal load on the evaporator 33 is small, in 
this case, the controller 60 decreases the target pres- 
sure difference TPD by the amount dP in step S54, 
which decreases the cooling performance. 
[0047] In step S55, the controller 60 judges whether 
the pressure difference AP(t), which is detected by the 
detector 36, is greater than the sum of the target pres- 
sure difference TPD and an allowable margin W. If the 
decision outcome of S55 is negative, the controller 60 
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judges whether the pressure difference AP(t) is smaller 
than the difference between the target pressure TPD 
and the allowable margin W. The precision of the pres- 
sure difference control (or hunting amplitude) is 
adjusted by changing the allowable margin W. If the 5 
decision outcomes in steps S55 and S56 are negative, 
the current pressure difference AP(t) is between the val- 
ues (TPD - W) and (TPD + W). In this case, the control- 
ler 60 terminates the routine RF5 without changing the 
duty ratio Dt. 

[0048] If the decision outcome of step S55 is posi- 
tive, the controller 60 decreases the duty ratio Dt by an 
amount AD in step S57 and sends the computed value 
(Dt - AD) to the drive circuit 61 . This decreases the elec- 
tromagnetic force of the solenoid portion 51 and thus 
increases the opening size of the supply passage 28. 
As a result, the difference between the crank pressure 
Pc and the pressure in the cylinder bores 1a is 
increased, and the inclination angle of the swash plate 
12 is decreased. Accordingly, the compressor displace- 
ment is decreased and the torque is reduced. 
[0049] If the decision outcome of step S56 is posi- 
tive, the controller 60 increases the duty ratio Dt by the 
amount AD in step S58, and sends the value (Dt + AD) 
to the drive circuit 61. This increases the electromag- 
netic force of the solenoid portion 51 and decreases the 
opening size of the supply passage 28. As a result, the 
difference between the crank pressure Pc and the pres- 
sure in the cylinder bores 1a is decreased and the incli- 
nation angle of the swash plate 12 is increased. As a 
result, the compressor displacement and the torque are 
increased. If the detected pressure difference AP(t) is 
greatly different from the target pressure difference 
TPD, the controller 60 feedback controls the duty ratio in 
steps S57 and/or S58 to cause the pressure difference 
AP(t) to seek the target pressure difference TPD. 
[0050] The graph of Fig. 1 0 illustrates changes over 
time of the pressure difference AP(t) from steps S55 to 
S58 after the target pressure difference TPD is 
increased in step S53. After the target pressure differ- 
ence TPD is changed from TPD(Old) to TPD(New), the 
pressure difference AP(t) quickly seeks the new level 
TPD(New). Specifically, the fluctuation of the pressure 
difference AP(t) subsides within the range between 
(TPD-W) to (TPD+W) in a time T1 or in a time T2, which 
are significantly short. This is because the pressure dif- 
ference AP(t) is used as the object of the feedback con- 
trol. The pressure difference AP(t) represents the flow 
rate of circulating refrigerant. The refrigerant flow rate 
quickly reflects the opening size of the control valve 40, 
which is duty controlled. Therefore, the pressure differ- 
ence AP(t) seeks the target pressure difference TPD in 
a relatively short time. The controller 60 then terminates 
the first subroutine RF5. If an absolute pressure value, 
such as the suction pressure Ps, which is influenced by 
thermal load, is used as a parameter of the feedback 
control, the pressure difference AP(t) will not seek the 
target value TPD as quickly as shown in Fig. 1 0. 
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[0051] If the decision outcome of step S43 of Fig.43 
is positive, the controller 60 executes a second subrou- 
tine RF6 shown in Fig. 6. In step S61, the controller 60 
judges whether the engine speed NE sent from the ECU 
is less than a minimum idling speed IDmin. If the deci- 
sion outcome of step S61 is negative, the controller 60 
moves to step S62 and judges whether the engine 
speed NE is more than a maximum idling speed IDmax. 
If the decision outcomes of steps S61 and S62 are neg- 
ative, the engine speed NE is between the minimum 
idling speed IDmin and the maximum idling speed 
IDmax. In this case, the controller 60 does not change 
the duty ratio Dt and moves back to the main routine. 
[0052] If the decision outcome of step S61 is posi- 
tive, the idling engine speed NE is abnormally low and 
the running state of the engine is unstable. Thus, the 
controller 60 changes the duty ratio Dt to a minimum 
value Dt(min) in step S63 to minimize the torque of the 
compressor. This decreases the torque on the engine 
and thus increases the engine speed NE. 
[0053] If the decision outcome of step S62 is posi- 
tive, the engine idling speed NE is abnormally high. In 
step S64, the controller 60 increases the duty ratio Dt by 
the amount AD to slightly increases the displacement, 
or the torque, of the compressor. This increases the 
load on the engine, and thus decreases the engine 
speed NE. Accordingly, the engine speed NE is stabi- 
lized. That is, in the-routine RF6, the compressor load 
torque is adjusted to stabilize the idling engine speed 
NE. The value of the duty ratio Dt, which is adjusted in 
step 64, does not exceed the maximum duty ratio 
Dt(max). 

[0054] If the decision outcome of step S44 of Fig. 4 
is positive, the controller 60 executes a third subroutine 
RF7 shown in Fig. 7. In step S71, the controller 60 
stores the current duty ratio Dt as a restoration target 
value DtR. The restoration target value DtR is used in a 
duty ratio restoration control procedure of step S74. In 
step S72, the controller 60 changes the duty ratio Dt to 
the minimum value Dt(min) and commands the drive cir- 
cuit 61 to perform duty control using the minimum value 
Dt(min). In step S73, the controller 60 judges whether 
the current pedal depression degree Ac(t) is smaller 
than a second determination value Ac(D2), which is 
smaller than the first determination value Ac(D1). Step 
S73 is executed for judging whether the depression 
degree Ac(t) was decreased, that is, whether the engine 
load is decreased. The two different determination val- 
ues Ac(D1) and Ac(D2) are used to produce a hystere- 
sis. The hysteresis prevents hunting, which would occur 
if only one determination value is used. As long as the 
decision outcome of step S73 is negative, the duty ratio 
Dt is maintained at the minimum value Dt(min). Accord- 
ingly, the opening size of the supply passage 28 is max- 
imized and the crank pressure Pc is increased. Thus, as 
long as the engine load is great, the compressor dis- 
placement and the load are minimized, which reduces 
the engine load. 
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[0055] In step S74, the controller 60 gradually 
increases the duty ratio Dt from the minimum value 
Dt(min) to the restoration target value DtR. The chart of 
step S74 illustrates the change of the duty ratio Dt. At 
time t1 , the decision outcome of step S73 is positive. 
During a period (t2 - t1), the duty ratio Dt linearly 
changes until it reaches the restoration target value 
DtR. If the change of the duty ratio Dt is too rapid, the 
inclination of the swash plate 12 changes quickly, which 
produces a shock. Thus, the slope of the line in the 
graph of step S74 is determined such that the duty ratio 
Dt is gradually changed. When the duty ratio Dt reaches 
the restoration target value DtR, the controller 60 termi- 
nates the subroutine RF7 and returns to the main rou- 
tine. 

[0056] If the decision outcome of step S45 in Fig. 4 
is positive, the controller 60 moves to a fourth subrou- 
tine RF8 shown in Fig. 8. In step S81, the controller 60 
stores the current duty ratio Dt as a restoration target 
value DtR. In step 82, the controller 60 stores the cur- 
rent temperature Te(t) as a start temperature Te(INI). In 
step S83, the controller 60 starts a timer. In step S84, 
the controller 60 changes the duty ratio Dt to the mini- 
mum value Dt(min) and commands the drive circuit 61 
to perform duty control using the minimum value 
Dt(min). Accordingly, the opening size of the control 
valve 40, or the opening size of the supply passage 28, 
is maximized, which increases the crank pressure Pc. In 
step S85, the controller 60 judges whether the elapsed 
time measured by the timer is more than a predeter- 
mined period ST If the decision outcome of step S85 is 
negative, the duty ratio Dt is maintained at the minimum 
value Dt(min). in other words, the supply passage 28 is 
held fully open at least until the predetermined period 
ST elapses. Therefore, the compressor displacement 
and the load torque are minimized. The engine load 
while the engine is accelerating is reduced in the period 
ST Since vehicle accelerations are generally short in 
duration, the period ST need not be long. 
[0057] When the period ST elapses, the controller 
60 judges whether the current temperature Te(t) is 
higher than a value computed by adding a value p to the 
initial temperature Te(INI). That is, the controller 60 
judges whether the temperature Te(t) is increased by an 
amount greater than the value 0 at least after the period 
ST. That is, the controller judges whether the cooling 
performance needs to be immediately restored in step 
S86. 

[0058] If the decision outcome of step S86 is posi- 
tive, the compartment temperature is likely to rise, in 
this case, the controller 60 restores the duty ratio in step 
S87. Accordingly, the inclination of the swash plate 12 is 
not rapidly changed, which prevents a shock. The chart 
of step S87 illustrates the change of the duty ratio Dt. 
The time at which the outcome of step S86 is deter- 
mined to be positive is time t4. The time at which the 
duty ratio Dt is restored to the restoration target value 
DtR is time t5. During a period (t5 - 14), the duty ratio Dt 
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linearly changes until it reaches the restoration target 
value DtR. The period (t4 - 13) corresponds to the sum 
of the period ST and a period during which the negative 
decision is repeated in step S86. When the duty ratio Dt 
5 reaches the target value DtR, the controller 60 termi- 
nates the fourth subroutine RF8 and returns to the main 
routine. 

[0059] If the decision outcome of step S47 of Fig.4 
is positive, the controller 60 executes a fifth subroutine 

w RF9 shown in Fig 9. In step S91 , the controller 60 stores 
the current duty ratio Dt as a restoration target value 
DtR. In step S92, the controller 60 changes the duty 
ratio Dt to a maximum value Dt(max) and commands 
the drive circuit 61 to perform duty control using the 

15 maximum value Dt(max). In step S93, the controller 60 
judges whether the current temperature Te(t) in the 
vicinity of the evaporator 33 is higher than the target 
temperature Te(set). If the decision outcome of step 
S93 is positive, the controller 60 judges whether the cur- 

20 rent pedal depression degree Ac(t) is the minimum 
value Ac(min). If the decision outcomes of steps S93 
and S94 are both positive, the controller 60 maintains 
the duty ratio Dt at the maximum value Dt(max), which 
closes the supply passage 28 and decreases the crank 

25 pressure Pc. Accordingly, the compressor displacement 
and the torque are maximized. The kinetic energy of the 
vehicle when the vehicle is moving by inertia or deceler- 
ating is used for driving the compressor. The cycle of 
steps S93, S94 and S92 is an energy recovery proce- 

30 dure similar to the regenerative braking of an electric 
vehicle. In the fifth subroutine RF9, excessive kinetic 
energy of the vehicle when the torque on the engine E 
is not great is used to drive the air-conditioning system 
to cool the passenger compartment. The main routine 

35 RF5 corresponds to the normal displacement control. 
The third routine RF7 to fifth routine RF9 corresponds to 
the specific displacement control. 
[0060] If the decision outcome of step S93 is nega- 
tive, that is, if the detected temperature Te(t) is lower 

40 than the target temperature Te(set), refrigeration is not 
needed. If the decision outcome of step S94 is negative, 
that is, when the gas pedal depression degree Ac(t) is 
great, the vehicle is neither decelerating nor moving by 
inertia. In this case, the duty ratio Dt is restored in step 

45 S95 in a manner that reduces shock, as in the flow- 
charts in Figs. 7 and 8. The chart of step S95 illustrates 
the change of the duty ratio Dt. The time at which the 
decision outcome of step S93 or S94 is determined to 
be negative is time t6. The time at which the duty ratio 

so Dt reaches the target DtR is defined as time t7. After a 
period (t7 - 16) elapses, the duty ratio Dt is changed from 
the maximum value Dt(max) to the restoration target 
value DtR. When the duty ratio Dt reaches the target 
value DtR, the controller 60 terminates the fifth subrou- 

55 tine RF9 and returns to the main routine. 

[0061] This embodiment has the following advan- 
tages. 

[0062] The pressure monitoring points P1, P2 are 
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located in the refrigeration circuit, and the pressure dif- 
ference AP(t) between the pressure at the points P1 and 
P2 is controlled for feedback controlling the compressor 
displacement. Therefore, regardless of the thermal load 
on the evaporator, the displacement is quickly 
decreased or increased based on a supply of electric 
current. Thus, when the vehicle is accelerating, the 
response of the vehicle is improved without destabiliz- 
ing the vehicle. 

[0063] The displacement is feedback controlled in 
accordance with the pressure difference AP(t). In the 
feedback control, the target pressure difference TPD is 
automatically adjusted based on the detected tempera- 
ture Te(t) and the target temperature Te(set) in steps 
S51 to S54 shown in Fig. 5. Thus, the compressor dis- 
placement is not only controlled for maintaining the tem- 
perature of the passenger compartment under normal 
conditions, but is quickly changed under specific condi- 
tions. 

[0064] The feedback control using the pressure dif- 
ference AP(t) permits the duty ratio to be restored by a 
desired pattern (a linear path in this embodiment) in 
steps S74, S87 and S95. That is, the displacement is 
linearly and gradually increased from the minimum 
value. 

[0065] Fig. 27 illustrates a second embodiment. In 
the second embodiment, two pressure monitoring 
points P1, P2 are located in a pipe 56, which connects 
the discharge chamber 22 with the condenser 31. A 
pressure difference detector 36 is located along the 
pipe 56 to detect the pressure difference AP(t). In this 
case, the flow rate of refrigerant is controlled based on 
the pressure difference AP(t). Feedback control as 
shown in Fig. 27 can be performed. 
[0066] As shown in Fig. 27, a resistor 57 such as a 
throttle may be located between the points P1 and P2. 
The resistor 57 increases the pressure difference 
between the points P1 and P2. Therefore, the flow rate 
of the refrigerant is more easily detected. 
[0067] A third embodiment will now be described 
with reference to Figs. 11 to 15. This embodiment 
relates to a displacement control mechanism that uses 
a displacement control valve CV2. The control valve 
CV2 mechanically the pressure difference AP(t) 
between two points in a refrigeration circuit. Like or the 
same reference numerals are given to those compo- 
nents that are like or the same as the corresponding 
components of the first embodiment. 
[0068] A compressor shown in Fig. 11 has a dis- 
placement control valve CV2, which is different from the 
control valve 40 of the compressor shown in Fig. 1. As 
shown in Fig. 12, pressure introduction passages 72 are 
formed in the housing. The passages 72 are independ- 
ent from the bleeding passage 27 and the supply pas- 
sage 28. 

[0069] As shown in Fig. 13, a substantially annular 
wall 71 is formed in the roar housing member 4 to sep- 
arate the suction chamber 21 from the discharge cham- 
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ber 22. Pressure introduction passages 72 (only one is 
shown) are formed in the wall 71 and the valve plate 3. 
Each passage 72 corresponds to one of the cylinder 
bores 1a. One end of each passage 72 is connected to 
5 the control valve CV2, and the other end opens to the 
cylinder bore 1a. 

[0070] When each piston 20 is moving from the top 
dead center position to the bottom dead center position, 
the corresponding pressure introduction passage 72 

10 communicates with the cylinder bore 1 a as the cylinder 
bore 1 a is connected to the suction chamber 21 by the 
suction port 23. When the piston 20 is moving from the 
bottom dead center position to the top dead center posi- 
tion, the suction valve flap 24 shuts the pressure intro- 

15 duction passage 72. That is, the pressure introduction 
passage 72 selectively connects and disconnects the 
cylinder bore 1 a with the control valve CV2. At least one 
of the pistons 20 is always moving from the top dead 
center position to the bottom dead center position in the 

20 associated cylinder bore 1a. Thus, at least one of the 
cylinder bores 1a always communicates with the corre- 
sponding pressure introduction passage 72. 
[0071] Fig. 14 illustrates the displacement control 
valve CV2 used in the compressor of Fig. 1 1 . 

25 [0072] The control valve CV2 includes an inlet valve 
portion and a solenoid portion. The inlet valve portion 
adjusts the opening size of the supply passage 28, 
which connects the discharge chamber 22 with the 
crank chamber 5. The solenoid portion functions as an 

30 electromagnetic actuator M2, which controls a rod 80 
located in the control valve CV2 based on a supply of 
electric current. The rod 80 has a distal small diameter 
portion 81, a middle valve portion 82 and a proximal 
large diameter portion 83. 

35 [0073] A valve housing 85 has an upper member 
85a and a lower member 85b. The upper member 85a 
forms the inlet valve portion, and the lower member 85b 
forms the solenoid portion. 

[0074] A valve chamber 86, a communication pas- 
40 sage 87 and a pressure sensing chamber 88 are 
defined in the upper member 85a. The rod 80 extends 
and moves axially in the valve chamber 86, the commu- 
nication passage 87 and the pressure sensing chamber 
88. The communication passage 87 communicates with 
45 the valve chamber 86. The rod 80 selectively discon- 
nects the passage 87 from the chamber 86. The com- 
munication passage 87 is separated from the pressure 
sensing chamber 88 by a wall, which is a part of the 
valve housing. 

so [0075] The bottom of the valve chamber 86 is 
formed by the upper surface of a fixed iron core 75. A Pd 
port 89 extends radially from the valve chamber 86. The 
valve chamber 86 is connected to the discharge cham- 
ber 22 through the Pd port 89 and the upstream portion 

55 of the supply passage 28. A Pc port 90 radially extends 
from the communication passage 87. The communica- 
tion passage 87 is connected to the crank chamber 5 
through the downstream portion of the supply passage 
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28 and the Pc port 90. Therefore, the Pd port 89, the 
valve chamber 86, the communication passage 87 and 
the Pc port 90, which are formed in the control valve 
CV2, form a part of the supply passage 28, which con- 
nects the discharge chamber 22 with the crank chamber 
5. 

[0076] The valve body 82 of the rod 80 is located in 
the valve chamber 86. The diameter of the communica- 
tion passage 87 is larger than the diameter of the small 
diameter portion 81 and is smaller than the diameter of 
the large diameter portion 83. A valve seat 91 is formed 
on the opening of the communication passage 87, 
which functions as a valve hole. If the rod 80 is moved 
from the position shown in Fig. 1 4, or the lowest posi- 
tion, to a highest position, where the valve body 82 con- 
tacts the valve seat 91, the communication passage 87 
is closed. That is, the valve body 82 of the rod 80 func- 
tions as an inlet valve body, which controls the opening 
size of the supply passage 28. 

[0077] The distal end of the small diameter portion 
81 is located in the pressure sensing chamber 88. A 
dividing member, which is a movable wall 92, is fixed to 
the distal end. The movable wall 92 axially divides the 
pressure sensing chamber 88 into a P1 pressure cham- 
ber 93 and a P2 pressure chamber 94. The movable 
wall 92 moves axially in the pressure sensing chamber 
88. The movable wall 92 does not permit fluid to move 
between the P1 pressure chamber 93 and the P2 pres- 
sure chamber 94. 

[0078] The P1 pressure chamber 93 is always con- 
nected to the Suction chamber 21 through a P1 port 
93a, which is formed in the valve housing. On the other 
hand, the P2 pressure chamber 94 is always connected 
to at least one of the cylinder bores 1a through a P2 port 
94a and the pressure introduction passages 72. The 
interior of the P1 pressure chamber 93 is exposed to the 
pressure Ps in the suction chamber 21. The pressure 
Ps in the P1 pressure chamber 93 is the pressure PsH. 
The interior of the P2 pressure chamber 94 is exposed 
to the pressure in the cylinder bore 1a in which the pis- 
ton 20 is moving from the top dead center position to the 
bottom dead center position. The pressure in the P2 
pressure chamber 94 is the pressure PsL. The upper 
and lower surfaces of the movable wall 92 receive the 
suction pressure PsH and the pressure PsL from the 
cylinder bores 1a. Since the upper surface and the 
lower surface have substantially the same area S, the 
movable wall 92 applies a downward force F1 to the rod 
80, and the magnitude of the force F1 is represented by 
an equation F1=(PsH-PsL)*S . The pressure sensing 
chamber 88, the movable wall 92, the P1 pressure 
chamber 93 and the P2 pressure chamber 94 form a 
mechanical pressure difference detector. 
[0079] The solenoid portion includes a cup-shaped 
cylinder 74. The cylinder 74 is fitted into the fixed iron 
core 75. A solenoid chamber 76 is defined in the cylin- 
der 74. A plunger, which is a movable iron core 77, is 
accommodated in the solenoid 76. The iron core 77 



moves axially. The large diameter portion 83 of the rod 
80 is located in the fixed core 75 to move axially. The 
lower end of the large diameter portion 83 is located in 
the solenoid chamber 76 and is fitted into a hole formed 
5 in the center of the movable core 77. The movable iron 
core 77 is crimped to the large diameter portion 83. 
Thus, the movable core 77 moves integrally with the rod 
80. 

[0080] A spring 78 is located between the fixed core 
10 75 and the movable core 77. The spring 78 urges the 
movable core 77 and the rod 80 such that the movable 
core 77 moves away from fixed core 75. The spring 78 
returns the movable core 77 and the rod 80 to the lowest 
position, or the initial position, a coil 79 is wound about 
is the fixed core 75 and the movable core 77. The coil 79 
receives drive signals from the drive circuit 61 . The drive 
signal has a predetermined duty ratio Dt based on a 
command from the controller 60. The coil 79 generates 
an electromagnetic force F2, the magnitude of which 
20 corresponds to the duty ratio Dt, or to the value of the 
electric current. The electromagnetic force F2 moves 
the movable core 77 toward the fixed core 75, which 
moves the rod 80 upward. 

[0081] When no current is supplied to the coil 79 

25 (Dt=0%), the spring 78 moves the rod 80 to the lowest 
position, which is shown in Fig. 14. In this state, the 
valve body 82 of the rod 80 separates from the valve 
seat 91 , which fully opens the inlet valve portion. 
[0082] When the minimum current in a range of the 

30 duty ratio Dt is supplied to the coil 79, the upward force 
F2 is greater than the downward force f2 of the spring 
78. Therefore, a force (F2-f2) acts against the force F1 . 
When current is supplied to the coil 79, the position of 
the valve body 82 relative to the valve seat 91 is deter- 

35 mined by the equilibrium of the force (F2-f2) and the 
force F1 . The opening size of the control value CV2 is 
determined accordingly. The flow rate of gas to the 
crank chamber 5 through the supply passage 28 and is 
determined in accordance with the opening size of the 

40 control valve CV2. The flow rate of gas from the crank 
chamber 5 through the bleeding passage 27 and into 
the crank chamber 5 adjusts the crank pressure Pc. 
[0083] The electromagnetic force F2 electrically 
controls the target value of the force F1 . The force F1 

45 represents the difference AP(t) of the suction pressure 
PsH and the pressure PsL in the cylinder bores 1a. The 
electromagnetic force F2 is adjusted by changing the 
current to the coil 79 and defines a desired target pres- 
sure difference TPD. Therefore, the solenoid portion, 

so the drive circuit 61 and the controller 60 function as 
altering means for externally changing the target value 
of the pressure difference. Thus, the control valve CV2 
shown in Rg. 14 is an inlet control valve that changes 
the target pressure difference TPD based on the value 

55 of current supplied to the coil 79. 

[0084] The detector M1 of Fig. 14 includes the sen- 
sors 62, 63, 64, 65, 66, 67 and the ECU. The external 
information that the external information detector M1 
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sends to the controller 60 is the same as that in the 
embodiment of Figs. 1 to 10. In this embodiment, the 
controller 60 and the displacement control vatve CV2 
form a displacement control means. In the second 
embodiment, the controller 60 operates substantially 
based on the main routine shown in Fig. 4. 
[0085] A subroutine RF15 shown in Fig. 15 repre- 
sents a feedback control procedure of the compressor 
displacement when the compressor is running in a nor- 
mal displacement control mode. The control valve CV2 
uses the movable wall 92 to detect a pressure differ- 
ence. The control valve CV2 mechanically and automat- 
ically feedback controls the valve opening size in 
relation to the pressure difference AP(t) 
(AP(t)=PsH-PsL) . In the routine RF15, the target pres- 
sure difference TPD is corrected in accordance with the 
thermal load on the evaporator 33. Steps S151 to S153 
of Fig. 15 are related to a danger avoidance control for 
preventing seizure in the compressor when the engine 
speed is high. Steps S154 to S157 represent a control 
for changing the target pressure difference TPD by 
adjusting the duty ratio Dt. 

[0086] In S151, the controller 60 determines 
whether the engine speed NE is equal to or greater than 
a predetermined value K. The value K is a threshold to 
judge the likelihood of compressor malfunction and is 
set, for example, to 5000rpm or 6000rpm. If the engine 
speed NE is maintained above the value K, malfunction 
is likely to occur. If the decision outcome of step S1 51 is 
positive, the controller 60 judges whether the duty ratio 
Dt is greater than a predetermined safety value DtS. 
The safety value DtS is an upper threshold value of the 
duty ratio Dt. If the duty ratio Dt is greater than the safety 
value DtS in step S152, the target pressure difference 
TPD and the compressor displacement will be exces- 
sively great. Specifically, the safety value DtS is, for 
example, 40% or 50%. If the decision outcomes of steps 
S151 and S152 are positive, the duty ratio Dt is a value 
that forces the compressor to operate at an excessive 
displacement. In this case, the controller 60 commands 
the drive circuit 61 to lower the duty ratio Dt to the safety 
value DtS in step S153. In this manner, when the engine 
speed NE is higher than the threshold value K, the com- 
pressor is prevented from operating at an excessive dis- 
placement. If the outcome of the steps S151 or S152 is 
negative, or after the duty ratio Dt is adjusted in step 
S153, the controller 60 moves to step S154. 
[0087] In step S154, the controller 60 judges 
whether the temperature Te(t) of the evaporator 33 is 
greater than the target temperature Te(set). If the out- 
come of step S1 54 is negative, the controller 60 moves 
to step S155 and judges whether the temperature Te(t) 
is lower than the target temperature Te(set). If the deci- 
sion outcome of step S155 is negative, the temperature 
Te(t) is equal to the target temperature Te(set). Thus, 
the controller 60 does not command the drive circuit 61 
to change the duty ratio Dt and suspends the routine 
RF15. 



22 

[0088] tf the outcome is positive in step S154, the 
thermal load on the evaporator 33 is great. In this case, 
the controller 60 moves to step S1 56 and increases the 
duty ratio Dt by a unit AD. The controller 60 commands 

5 the drive circuit 61 to increase the duty ratio Dt to 
(Dt+AD). Accordingly, the electromagnetic force of the 
solenoid portion F2 is increased, which increases the 
target pressure difference TPD of the control valve CV2. 
At this time, the pressure difference AP(t) cannot equal- 

io ize the upward force with the downward force. There- 
fore, the rod 80 is moved upward to contract the spring 
78. The position of the valve body 82 is determined by 
the equilibrium of the force (F2-f2) and the force F1. 
That is, the valve body 82 is at a position where the 

75 equation (F1=(F2-f2)) is satisfied. As a result, the 
opening size of the supply passage 28 is decreased and 
the crank pressure Pc is lowered. 
[0089] Thus, the difference between the pressure 
Pc and the pressure in the cylinder bores 1a becomes 

20 small, which increases the Inclination of the swash plate 
12. Accordingly, the displacement and the load of the 
compressor are increased. The increased compressor 
displacement lowers the temperature Te(t). Further, the 
pressure difference between the points P1 and P2 is 

25 increased. 

[0090] If the outcome of step S155 is positive, the 
thermal load on the evaporator 33 is small. In this case, 
the controller 60 moves to step S157 and reduces the 
duty ratio Dt by the amount AD. The controller 60 com- 

30 mands the drive circuit 61 to decrease the duty ratio Dt 
to (Dt-AD). This decreases the electromagnetic force F2 
of the solenoid portion, which decreases the target 
pressure difference TPD of the control valve CV2. Then, 
the rod 80 is moved downward to decreases the down- 

35 ward force f2 of the spring 78. The valve body 82 is 
moved to a position where the equation F1=(F2-f2) is 
satisfied. As a result, the opening size of the supply pas- 
sage 28 is increased and the crank pressure Pc is 
raised. 

40 [0091] The difference between the crank pressure 
Pc and the pressure in the cylinder bores 1 a is relatively 
great. This decreases the inclination angle of the swash 
plate 12. Accordingly, the displacement and the load of 
the compressor are decreased. The decreased com- 

45 pressor displacement lowers the heat reduction per- 
formance of the evaporator 33 and raises the 
temperature Te(t). Further, the pressure difference 
between the points P1 and P2 is decreased. 
[0092] In this manner, if the temperature Te(t) is dif- 

50 ferent from the target temperature Te(set), the target 
pressure difference TPD is optimized, and the control 
valve CV2 automatically changes its valve opening size 
to cause the temperature Te(L) to approach the target 
temperature Te(set). The control valve CV2 functions as 

55 an inlet control valve that maintains the pressure differ- 
ence between the points P1 and P2, or the flow rate of 
gas. 

[0093] The third embodiment has the same advan- 
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tages as the embodiment of Figs. 1 to 10. 
[0094] Fig. 16 illustrates a control valve according 
to a fourth embodiment. The control valve of Fig, 16 is 
different from the control valve in Fig. 14 in the structure 
of the rod and the valve body. A spherical valve body 96 5 
is located in the valve chamber 86 to contact the valve 
seat 91 . The valve body 96 is coupled to the movable 
wall 92 by a small diameter rod 97. The movable wall 
92, the rod 97 and the valve body 96 move integrally in 
the axial direction. The upper end of the rod 80 is 10 
located in the fixed iron core 75 to move axially. The 
upper end of the rod 80 contacts the valve body 96 in 
the valve chamber 86. 

[0095] When a current of the minimum duty ratio Dt 
is supplied to the coil 79, the rod 80 contacts the valve is 
body 96. The valve body 96 is coupled to the movable 
wall 92 by the rod 97. As in the case of the control valve 
shown in Fig. 14, the position of the valve body 96 is 
determined by the equilibrium of the force F1 based on 
the pressure difference AP(t)(AP(t)=(PsH-Psl_)) , the 20 
electromagnetic force F2 and the force f2 of the spring 
78. The opening size of the supply passage 28 is con- 
trolled, accordingly. The control valve of Fig. 16 has the 
same advantages as the control valve of Fig. 14. 
[0096] Figs. 17 and 18 illustrate a displacement 25 
control valve CV3 according to a fifth embodiment. The 
control valve CV3 has functions of an inlet control valve 
and an outlet control valve. The differences from the 
control valve CV2 shown in Fig. 14 will mainly be dis- 
cussed below. 30 
[0097] When the control valve CV3 functions as an 
inlet control valve, the bleeding passage 27 constantly 
functions as an outlet passage for releasing refrigerant 
gas from the crank chamber, and the control valve CV3 
regulates the supply passage 28, or an inlet passage. 35 
The control valve CV3 controls the flow rate of gas from 
the discharge chamber 22 to the crank chamber 5 to set 
the crank pressure Pc to a desired level. 
[0098] When the control valve CV3 functions as an 
outlet control valve, the control valve CV3 is located on 40 
the bleeding passage 27, or an outlet passage. When 
each piston 20 compresses the gas in the associated 
cylinder bore 1 a, refrigerant gas in the cylinder bore 1 a 
leaks into the crank chamber 5 between the surface of 
the piston 20 and the wall of the cylinder bore 1 a. The 45 
leaking gas is referred to as blowby gas. The blowby 
gas increases the pressure of the crank chamber 5. The 
control valve CV3 adjusts the flow rate of refrigerant gas 
flowing from the crank chamber 5 to the suction cham- 
ber 21 to set the crank pressure Pc to a desired level. so 
[0099] The control valve CV3 has an inlet-outlet 
valve portion located in its upper half and a solenoid 
portion located in its lower half. 

[0100] The bleeding passage 27 of Fig. 11 con- 
nects the crank chamber 5 with the suction chamber 21 . ss 
In the embodiment of Figs. 17, 18, part of the bleeding 
passage 27 connects the crank chamber 5 with the con- 
trol valve CV3. The pressure introduction passages 72 
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is connected to the bleeding passage 27 in the control 
valve CV3. The pressure introduction passage 72 forms 
part of the bleeding passage 27. The inlet-outlet valve 
portion selectively controls the opening size of the sup- 
ply passage 28 and the opening size of the bleeding 
passage 27, 72. The solenoid portion includes an elec- 
tromagnetic actuator M2, which has the rod 80. The 
actuator M2 moves the rod 80 in accordance with the 
value of current supplied to the solenoid. The proximal 
end of the rod 80 is secured to a movable iron core 77. 
The other structures of the solenoid portion are sub- 
stantially the same as those of the solenoid portion of 
the control valve CV2 shown in Fig. 1 4. 
[01 01 ] An engaging portion 80a is formed in the dis- 
tal portion of the rod 80. The engaging portion 80a is 
located in a communication passage 87. The diameter 
of the engaging portion 80a is greater than that of the 
rest of the rod 80. A first engaging surface 80b is 
defined between the engaging portion 80a and the rest 
of the rod 80. A second engaging surface 80c is formed 
on the upper face of the engaging portion 80a. The inlet 
valve body 98 and an outlet valve body 1 00 selectively 
connect the communication passage 87 with the valve 
chamber 86 or with the pressure sensing chamber 88. 
[0102] Like in the control valve CV2 of Fig. 14, the 
Pd port 89, the valve chamber 86, the communication 
passage 87 and the Pc port 90 form a part of the supply 
passage 28. 

[0103] An annular inlet valve body 98 is located on 
the valve chamber 86. The inlet valve body 98 is loosely 
fitted about the rod 80 so that it may slide. The outer 
diameter of the inlet valve body 98 is smaller than the 
diameter of the valve chamber 86 and is larger than the 
diameter of the communication passage 87, which func- 
tions as a valve hole. The step between the valve cham- 
ber 86 and the passage 87 functions as a valve seat 91 . 
The inlet valve body 98 contacts the valve seat 91. A 
spring 99 is located between the bottom of the valve 
chamber 86 and the inlet valve body 98. The spring 99 
always urges the valve body 98 upward, or in a direction 
causing the valve body 98 to contact the valve seat 91 . 
The communication passage 87 is closed by the valve 
body 98. The upward force f3 of the spring 99 is smaller 
than the downward force f2 of the spring 78. 
[0104] The movable wall 92 is located in the pres- 
sure sensing chamber 88 to move axially. The movable 
wall 92 divides the pressure sensing chamber 88 into a 
P1 pressure chamber 93 and a P2 pressure chamber 
94. The movable wall 92 does not permit fluid to move 
between the P1 pressure chamber 93 and the P2 pres- 
sure chamber 94. The P1 pressure chamber 93 is 
always connected to the suction chamber 21 by a P1 
port 93a, which is formed in the valve housing. The P2 
pressure chamber is connected to the cylinder bores 1 a 
by the pressure introduction passage 72 and a P2 port 
94a, which is formed in the valve housing. 
[0105] The interior of the P1 pressure chamber 93 
is exposed to the pressure Ps in the suction chamber 
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21. The pressure Ps in the P1 pressure chamber 93 is 
the pressure PsH. The interior of the P2 pressure cham- 
ber 94 is exposed to the pressure in the cylinder bores 
1 a. The pressure in the P2 pressure chamber 94 is the 
pressure PsL. The pressure PsL is lower than the pres- 5 
sure PsH. The Pc port 90, the communication passage 
87, the P2 pressure chamber 94 and the P2 port 94a 
connect the bleeding passage 27 to the pressure intro- 
duction passage 72. The pressure in each cylinder bore 
1 a is close to the suction pressure Ps when the associ- 
ated piston 20 is in the suction stroke. The downstream 
portion of the supply passage 28 also functions as the 
upstream portion of the bleeding passage 27. The pres- 
sure sensing chamber 88, the movable wall 92, the P1 
pressure chamber 93 and the P2 pressure chamber 94 
function as a pressure difference detector of the control 
valve CV3. 

[0106] The outlet valve body 100 is integrally 
formed with the movable wall 92 and is located in the P2 
pressure chamber 94. The outlet valve body 1 00 moves 
closer to an away from the communication hole 87 in 
accordance with movement of the movable wall 92. The 
diameter of the outlet valve body 1 00 is larger than the 
diameter of the communication passage 87. Thus, the 
step between the communication passage 87 and the 
P2 pressure chamber 94 functions as a valve seat 101 . 
As shown in Rg. 1 7, the outlet valve body 100 contacts 
the valve seat 1 01 . When the rod 80 moves downward, 
the movable wall 92 and the outlet valve body 1 00 move 
downward together, and the outlet valve body 100 is 
pressed against the valve seat 101 a force F1, which 
reflects the pressure difference between the chambers 
93, 94 ( F1=PsH-PsL ). This closes the communication 
passage 87. 

[0107] The axial length of the engaging portion 80a 
is shorter than the axial length of the communication 
passage 87. Therefore, depending on the magnitude of 
the electromagnetic force F2 of the solenoid portion, the 
engaging portion 80a can be separated from both valve 
bodies 98 and 100. In this state, the valve bodies 98, 
1 00 contact the valve seat 91 , 1 01 , respectively. That is, 
the bleeding passage 27 and the supply passage 28 are 
closed at the same time. In other words, the control 
valve CV3 functions either as the inlet control valve or 
the outlet control valve based on the duty ratio of the 
solenoid portion. 

[0108] The operation of the displacement control 
valve CV3 will now be described. 
[0109] When no current is supplied to the coil 79 
(Dt=0%), the spring 78 moves the rod 80 to the lowest 
position, which is shown in Fig. 17. In this state, the first 
engaging surface 80b contacts the inlet valve body 98 
against the force of the spring 99. As a result, the inlet 
valve body 98 separates from the valve seat 91 and the 
opening size of the supply passage 28 is maximized. 
On the other hand, the movable wall 92 and the outlet 
valve body 100 are located in the lowest position in the 
pressure sensing chamber 88, which causes the outlet 



valve body 1 00 to close the communication passage 87. 
At this time, the control valve CV3 functions as an inlet 
control valve. 

[01 1 0] When the minimum current in a range of the 
duty ratio Dt is supplied to the coil 79, the upward force 
F2 is greater than the downward force f2 of the spring 
78. The rod 80 is moved upward until the second engag- 
ing surface 80c contacts the bottom of the outlet valve 
body 100. As the rod 80 is moved upward, the first 
engaging surface 80b separates from the inlet valve 
body 98. Therefore, the inlet valve body 98 is pressed 
against the valve seat 91 by the force of the spring 99. 
As a result, the supply passage 28 is closed by the inlet 
valve body 98. 

[0111] When the upward electromagnetic force F2 
is great, the engaging portion 80a urges the valve body 
1 00 upward to connect the pressure introduction pas- 
sage 72 with the bleeding passage 27. At this time, the 
control valve CV3 functions as an outlet control valve. 
The outlet control valve body 100 is coupled to the sole- 
noid portion by the rod 80. 

[0112] When the control valve CV3 functions as an 
outlet control valve, the force f2 of the spring 78 acts 
against the electromagnetic force F2. The resultant (F2- 
f2) acts against the force F1, which is based on the 
pressure difference. Thus, when current is supplied to 
the coil 79, the position of the outlet valve body 1 00 rel- 
ative to the valve seat 1 01 is determined such that the 
resultant (F2-f2) is equalized with the force F1. That is, 
the outlet valve body 1 00 changes the opening sizes of 
the bleeding passage 27 and the pressure introduction 
passage 72. Accordingly, the flow rate of refrigerant gas 
released from the crank chamber 5 through the bleed- 
ing passage 27 is changed. The crank pressure Pc is 
adjusted according to the relationship between the flow 
rate of gas flowing out of the crank chamber 5 and the 
flow rate of blowby gas. 

[01 1 3] The opening size of the control valve CV3 is 
determined by the equilibrium of the force F1 and the 
upward force (F2-f2) of the solenoid portion. The elec- 
tromagnetic force F2 is electrically adjusted. Accord- 
ingly, the target value of the force F1 is adjusted. The 
force F1 represents the pressure difference AP(t) 
between the pressures PsH and PsL. The electromag- 
netic force F2 defines a desired pressure difference 
TPD in accordance with the value of current supplied to 
the coil 79. The solenoid portion, the drive circuit 61 and 
the controller 60 function as changing means for chang- 
ing the target pressure difference TPD. The control 
valve CV3 functions as an outlet control valve for chang- 
ing the target pressure difference TPD based on a cur- 
rent that is supplied to the coil 79 from another location. 
[0114] In the embodiment of Figs. 17 and 18, the 
displacement control means includes at least the con- 
troller 60 and the control valve CV3. The controller 60 
controls the control valve CV3 in substantially the same 
manner as in the embodiment of Fig. 14. 
[0115] The control valve CV3 has substantially the 
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same advantages as the control valve CV2 shown in 
Figs. 11 to 14. 

[0116] An outlet control valve CV4 according to a 
sixth embodiment will now be described with reference 
to Fig. 1 9. The control valve CV4 includes a valve cham- s 
ber 86 defined in a valve housing 85, a communication 
passage 87 and a pressure sensing chamber 88. The 
valve chamber 86 is connected to the crank chamber 5 
through the bleeding passage 27. The communication 
passage 87 is connected to the suction chamber 21 by 10 
the bleeding passage 27. A valve body 96 is located in 
the valve chamber 86 to contact a valve seat 91 . The 
valve body 96 selectively connects the valve chamber 
86 with the communication passage 87. Thus, the valve 
chamber 86 and the communication passage 87 form a is 
part of the bleeding passage 27. 

[0117] The valve body 96 is coupled to a movable 
wall 92 by a small diameter rod 97. The valve body 96, 
the rod 97 arid the movable wall 92 move integrally in 
the axial direction (in the lateral direction in Fig. 1 9). The 20 
movable wall 92 divides the pressure sensing chamber 
88 into a P1 pressure chamber 93 and a P2 pressure 
chamber 94. The P1 pressure chamber 93 is closer to 
the valve chamber 86 than the P2 pressure chamber 94. 
A force F1 based on the pressure difference between 25 
the points P1 and P2 moves the movable wall 92 away 
from the valve chamber 86 (to the right as viewed in Fig. 
19). The pressure sensing chamber 88, the movable 
wall 92, the P1 pressure chamber 93 and the P2 pres- 
sure chamber 94 form a mechanical pressure difference so 
detector. 

[0118] The valve body 96 is elastically coupled to 
an actuator M2 by a spring. The actuator M2 applies a 
force F2, which is opposite to the force F1 , to the valve 
body 96. The actuator M2 is, for example, an electro- 35 
magnetic solenoid type actuator as shown in Fig. 14, 
and the force F2 is changed by the controller 60. The 
actuator M2, the drive circuit 61 and the controller 60 
form changing means for changing the target pressure 
difference TPD from another location. 40 
[0119] The control valve CV4 shown in Fig. 19 con- 
trols the compressor displacement to maintain the com- 
partment temperature under normal conditions. Also, 
the control valve CV4 of Fig. 19 quickly changes the 
compressor displacement under specific conditions. 45 
[0120] A control valve CV5 according to a seventh 
embodiment will now be described with reference to 
Fig. 20. A communication passage 87 is always con- 
nected to a P1 pressure chamber 93. A valve chamber 
86, the communication passage 87 and the P1 pressure so 
chamber 93 form a part of the bleeding passage 27. 
The control valve CV5 of Fig. 20 has the same advan- 
tages as the control valve CV4 of Fig. 1 9. The number 
of ports formed in the valve housing of the valve CVS is 
one less than that of the valve CV4. 55 
[0121] It shogld be apparent to those skilled in the 
art that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
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scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0122] In the control valves shown in Figs. 14, 16, 
17, 19 and 20, the pressure monitoring points P1, P2 
may be located in the pipe 35 shown in Fig. 3 or in the 
pipe 56 shown in Fig. 27. The pressure at each point 
P1 , P2 may be applied to the P1 pressure chamber 93 
and the P2 pressure chamber 94, respectively. 
[0123] Fig. 21 illustrates an actuator M2 according 
to an eighth embodiment. The actuators M2 shown in 
Figs. 14 to 20, which are electrically driven, may be 
replaced by the actuator M2 of Fig. 21 . The actuator M2 
of Fig. 21 has spool 1 1 1 and is driven by pressure. The 
actuator M2 of Fig. 21 has an actuation chamber 110 
defined in a valve housing 85, The spool 1 1 1 is located 
in the actuation chamber 1 1 0. The spool 111 is coupled 
to a rod 80 to move axially with the rod 80. The spool 
1 1 1 divides the actuation chamber 110 into a high pres- 
sure chamber 112 and a low pressure chamber 113. 
[0124] The high pressure chamber 112 is con- 
nected to a zone of the discharge pressure Pd (for 
example, the discharge chamber 22) by a passage 1 1 4. 
A valve 1 15 is located in the passage 114. The valve 
1 15 is controlled by the controller 60. The low pressure 
chamber 1 13 is always connected to the crank chamber 
5 (a zone of the crank pressure Pc) by a port 116. A 
spring 78 is located in the low pressure chamber 1 13 to 
urge the spool 111 toward the high pressure chamber 
1 12. A throttle passage 1 17 is formed in the spool 1 1 1 
to connect the high pressure chamber 1 12 with the low 
pressure chamber 113. 

[0125] When the rod 80 needs to be moved right- 
ward as viewed in Fig. 21 , the controller 60 commands 
the drive circuit 61 to open the valve 115 for a certain 
period. This permits gas from the discharge pressure 
Pd to flow into the high pressure chamber 112. The gas 
then flows from the high pressure chamber 1 1 2 to the 
low pressure chamber 1 13 through the throttle passage 
117. Accordingly, the pressure in the chamber 112 is 
different from the pressure in the chamber 1 13. A force 
generated by the pressure difference is greater than the 
force of the spring 78 and thus moves the spool 1 1 1 and 
the rod 80 rightward as viewed in Fig. 21. When the 
valve 1 15 is closed, the gas in the high pressure cham- 
ber 1 12 flows to the crank chamber 5 through the throt- 
tle passage 117 and the low pressure chamber 1 13. As 
gas flows from the high pressure chamber 112 to the 
low pressure chamber 113, the spool 1 1 1 is returned to 
the initial position by the force of the spring 78. The 
position of the spool 1 1 1 and the rod 80 is determined 
such that the force acting on the rod 80, the force based 
on the pressure difference between the chambers 1 1 2 
and 113 and the force of the spring 78 are equal. 
[0126] Fig. 23 illustrates a cooling circuit according 
to a ninth embodiment. In this embodiment, a first pres- 
sure monitoring point P1 is located in a discharge 
chamber 22 of a variable displacement compressor CM, 



EP 1 074 800 A2 



15 



29 

and a second pressure monitoring point 92 is located in 
a pipe 56. The point P2 is spaced apart from the point 
P1 by a predetermined distance. A throttle 120 is 
located between the points P1 and P2. The throttle 120 
increases the pressure difference between the points 5 
P1 and P2 and facilitates control based on the pressure 
difference AP(t). 

[0127] Fig. 24 illustrates a control valve in the circuit 
of Fig., 23. The control valve of Fig. 24 has substantially 
the same structure as the control valve CV2 of Fig. 14. 10 
The P1 pressure chamber 93 is exposed to the pres- 
sure at the point P1, which is referred to a pressure 
PdH. The P2 pressure chamber 94 is exposed to the 
pressure at the point P2, which is referred to the pres- 
sure PdL. The movable wall 92 is moved in the same 15 
manner as the movable wall 92 of the control valve CV2 
shown in Fig. 14 in accordance with the pressure differ- 
ence AP(t)(AP(t)=PdH-PdJ) . 

[0128] Fig. 25 illustrates a compressor according to 
a tenth embodiment. The compressor of Fig. 25 has a 20 
muffler chamber 122 located on the outer wall of the 
rear housing member 4 and is connected to the pipe 56. 
A first pressure monitoring point P1 is located in the dis- 
charge chamber 22 and a second pressure monitoring 
point P2 is located in the pipe 56. The points P1 and P2 25 
are separated by a predetermined distance. A throttle 
121 is formed in the rear housing member 4 to connect 
the muffler chamber 122 with the discharge chamber 
22. The throttle 121 reduces the pulsation of the refrig- 
erant gas exiting from the cylinder bores 1a to the dis- 30 
charge chamber 22. Accordingly, the pulsation of gas 
flow in the pipe 56 is eliminated or reduced. 
[0129] Fig. 26 illustrates a compressor according to 
an eleventh embodiment. The locations of the pressure 
monitoring points P1 , P2 are the same as those of the 35 
embodiment of Fig. 25. In this embodiment, a check 
valve mechanism 130 is located between the compres- 
sor and the pipe 56. Specifically, the check valve mech- 
anism 130 is located between the condenser 31 and the 
rear housing member 4. The check valve mechanism 40 
130 includes a valve seat 132 and a cylindrical case 
1 34, a valve body 1 35 and a spring 136. The valve seat 
132 has a valve hole 131. The case 134 has communi- 
cation holes 133. The valve body 135 separates from 
and contacts the valve seat 1 32. The spring 136 urges 45 
the valve body 1 35 in a direction closing the valve hole 
13. 

[0130] The valve hole 131, the interior of the case 
134 and the communication holes 133 form a passage 
to connect the discharge chamber 22 with the pipe 56. so 
The valve hole 131 functions as a throttle located in the 
passage connecting the discharge chamber 22 with the 
pipe 56. The valve hole 131 corresponds to the throttle 
121 shown in Fig. 25. The position of the valve body 135 
relative to the valve seat 132 is determined by the equi- 55 
librium of a force based on the pressure difference 
between the pressure monitoring points P1 and P2 and 
the force of the spring 1 36. When the discharge pres- 
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sure Pd is sufficiently high, the valve hole 131 is open. 
When the discharge pressure Pd is low, the valve hole 
131 is closed. 

[0131] The check valve mechanism 130 prevents 
back flow of gas from the pipe 56 to the discharge 
chamber 22. In a clutchless compressor, the internal 
mechanism, which includes drive shaft 6 and the swash 
plate 12, continues rotating as long as the engine E 
operates. Thus, some of refrigerant gas must always 
circulate within the compressor such that lubricant oil in 
the gas lubricates the moving parts. The check valve 
mechanism 130 does not permit gas to flow from the 
discharge chamber 22 to the pipe 56 until the difference 
between the discharge pressure Pd and the pressure in 
the pipe 56 exceeds a predetermined threshold value. 
Therefore, if the force of the spring 136 is properly 
selected, gas circulates within the compressor when the 
displacement is minimum and the discharge pressure 
Pd is Low. Specifically, gas flows into the crank chamber 
5 from the discharge chamber 22 through the control 
valve. Then, the gas flows from the crank chamber 5 to 
the discharge chamber 22 through the bleeding pas- 
sage 27, the suction chamber 21 and the cylinder bores 
la. Accordingly, the moving parts are lubricated. 
[01 32] If the diameter of the valve hole 1 31 is large, 
the space between the valve body 135 and the valve 
seat 132 may function as a throttle when the opening 
size of the check valve mechanism 130 is small, or 
when the distance between the valve body 135 and the 
valve seat 1 32 is short. 

[0133] It should be apparent to those skilled in the 
art that the present invention may be embodied in many 
other specific forms without departing from the-spirit or 
scope of the invention. Therefore, the present examples 
and embodiments are to be considered as illustrative 
and not restrictive and the invention is not to be limited 
to the details given herein, but may be modified within 
the scope and equivalence of the appended claims. 
[0134] An air-conditioning system has a refrigerant 
circuit (30). The circuit includes a condenser (31), an 
expansion valve (32), an evaporator (33) and a variable 
displacement compressor. The system has a pressure 
difference detector (36). The pressure difference detec- 
tor (36) detects the pressure difference between two 
pressure monitoring points (P1, P2) located on the 
refrigerant circuit. A control valve (40) and a controller 
(60) control the displacement of the compressor in 
accordance with the pressure difference detected by the 
pressure difference detector (36). This permits the dis- 
placement of the compressor to be quickly changed. 

Claims 

1. An air-conditioning system having a refrigerant cir- 
cuit (30), which has a condenser (31), a decom- 
pression device (32), an evaporator (33) and a 
variable displacement compressor, the system 
being characterized by: 
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a pressure difference detector (36, 88, 92, 93, 
94) for detecting the pressure difference 
between two pressure monitoring points (P1, 
P2) located on the refrigerant circuit (30); and 
means for controlling the displacement (40, 60, 5 
CV2, CV3 CV4, CVS) of the compressor in 
accordance with the pressure difference 
detected by the pressure difference detector 
(36, 88, 92, 93, 94). 

10 

2. The air-conditioning system according to claim 1 , 
further being characterized by an external informa- 
tion detector (M1 ) for detecting external information 
other than the pressure difference, wherein the 
means for controlling the displacement (40, 60, 15 
CV2, CV3 CV4, CV5) determines a target value of 
the pressure difference based on the external infor- 
mation and controls the displacement such that the 
pressure difference detected by the pressure differ- 
ence detector approaches the target value. 20 

3. The air-conditioning system according to claim 2, 
wherein the compressor has a drive plate (6), a 
crank chamber (5) for accommodating the drive 
plate (6), wherein the inclination angle of the drive 25 
plate (6) changes in accordance with the pressure 

in the crank chamber (5) to vary the displacement 
of the compressor, and the means for controlling 
the displacement being characterized by: 

30 

a control valve (40, CV2, CV3, CV4, CV5), the 
opening size of which is changed in accord- 
ance with an external command to adjust the 
crank pressure; and 

a controller (60) electrically connected to the 35 
pressure difference detector (36, 88, 92, 93, 
94) and the external information detector (M1), 
wherein the controller (60) receives an Informa- 
tion from the detectors and supplies the control 
valve with the external command based on the 40 
information. 

4. The air-conditioning system according to claim 2, 
wherein the compressor has a drive plate (6), a 
crank chamber (5) for accommodating the drive 45 
plate (6), wherein the inclination angle of the drive 
plate (6) changes in accordance with the pressure 

in the crank chamber (5) to vary the displacement 
of the compressor, wherein the pressure difference 
detector includes a pressure sensing member (92, 50 
111), which moves in accordance with the pressure 
difference, the means for controlling displacement 
being characterized by: 

a control valve (CV2, CV3, CV4, CV5) having 55 
the pressure sensing member (92, 111), 
wherein the control valve (CV2, CV3, CV4, 
CV5) changes its opening size by the sensing 
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member (92, 111) such that the pressure differ- 
ence is directed to the target value; and 
a controller (60), wherein the controller (60) 
determines the target value of the pressure dif- 
ference based on the external information 
detected by the external information detector 
(M1). 

5. The air-conditioning system according to any one of 
claims 1 to 4, wherein the compressor has a suction 
pressure zone, the system being characterized in 
that the two pressure monitoring points (P1 , P2) are 
located in the refrigerant circuit (30) between the 
evaporator (33) and the suction pressure zone. 

6. The air-conditioning system according to any one of 
claims 1 to 4, wherein the compressor has a dis- 
charge pressure zone, the system being character- 
ized in that the pressure monitoring points (P1 , P2) 
are located in the refrigerant circuit (30) between 
the condenser (31) and the discharge pressure 
zone. 

7. The air-conditioning system according to any one of 
claims 1 to 4, wherein the system is further charac- 
terized in that the pressure monitoring points (P1, 
P2) are located in the compressor. 

8. The air-conditioning system according to claim 5, 
wherein the compressor has a suction chamber 
(21), which forms the suction pressure zone, a cyl- 
inder bore (1a) and a piston (20), which is accom- 
modated in the cylinder bore (1a), wherein the 
piston (20) reciprocates in the cylinder bore (1 a), 
wherein one of the two pressure monitoring points 
(P1 , P2) is located in the suction chamber (21 ) and 
the other pressure monitoring point is located in the 
cylinder bore (1a), and wherein the pressure differ- 
ence is detected when the piston (20) is performing 
a suction stroke. 

9. The air-conditioning system according to claim 8, 
wherein the system is further characterized in that 
the compressor includes a housing and a pressure 
introduction passage (72) formed in the housing, 
wherein the pressure introduction passage (72) 
communicates the cylinder bore (1 a) with the pres- 
sure difference detector (36, 88, 92, 93, 94), and 
wherein the pressure introduction passage (72) is 
open during the suction stroke and is closed during 
a discharge stroke of the piston (20). 

10. The air-conditioning system according to any one of 
claims 2 to 9, wherein the system is further charac- 
terized in that the means for controlling the dis- 
placement (40, 60, CV2, CV3 CV4, CVS) selects a 
control mode from a normal displacement control 
mode and a specific displacement control mode, 
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wherein each mode is selected according to the 
external information, wherein, when the normal dis- 
placement control mode is selected, the means for 
controlling the displacement (40, 60, CV2, CV3 
CV4, CV5) determines a target value of the pres- 
sure difference based on the cooling load of the 
refrigerant circuit (30), wherein, when the specific 
displacement control mode is selected, the means 
for controlling the displacement (40, 60, CV2, CV3 
CV4, CV5) sets the displacement of the compres- 
sor to a predetermined specific displacement. 

1 1 . The air-conditioning system according to any one of 
claims 2 to 10, wherein the external information 
detector (M1) is characterized by a temperature 
sensor (64) for detecting a temperature that reflects 
the temperature of a vehicle passenger compart- 
ment, which is cooled by the refrigerant system, 
and a temperature adjuster (63) for adjusting the 
target temperature, wherein the means for control- 
ling the displacement (40, 60, CV2, CV3 CV4, CV5) 
determines the target value based on a comparison 
between the temperature detected by the tempera- 
ture sensor (64) and the target temperature 
adjusted by the temperature adjuster (63). 

12. The air-conditioning system according to claims 10 
or 11, wherein the external information detector 
(M1) is characterized by a pedal position sensor 
(67) to detect a depression amount of an accelera- 
tion pedal of a vehicle in which the air-conditioning 
system is installed, wherein the means for control- 
ling the displacement (40, 60, CV2, CV3 CV4, CV5) 
selects one of the control modes based on the 
detected pedal position. 
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ment control mode, the means for controlling the 
displacement (40, 60, CV2, CV3 CV4, CV5) gradu- 
ally restores the displacement of the compressor to 
a displacement that was produced immediately 
before the specific displacement control was 
started. 

16. The air-conditioning system according to 15, 
wherein, when restoring the displacement of the 
compressor to the displacement that was produced 
immediately before the specific displacement con- 
trol was started, the means for controlling the dis- 
placement (40, 60, CV2, CV3 CV4, CV5) 
continuously changes the displacement. 

1 7. The air-conditioning system according to any one of 
claims 1 to 16, further comprising means for 
increasing the pressure difference (57, 120, 121, 
130) located between the pressure monitoring 
points (P1, P2). 



18. The air-conditioning system according to claim 17, 
wherein the means for increasing the pressure dif- 
ference includes a fixed restrictor located between 

25 the pressure monitoring points (P1 , P2). 

19. The air-conditioning system according to claim 17, 
wherein the means for increasing the pressure dif- 
ference includes a check valve mechanism located 

30 between the pressure monitoring points (P1 , P2). 

20. A method for controlling the displacement of a vari- 
able displacement compressor in a refrigerant cir- 
cuit (30) of a vehicle air-conditioning system, the 

35 method being characterized by: 



13. The air-conditioning system according to claim 12, 
wherein the system is further characterized in that 
the means for controlling the displacement (40, 60, 
CV2, CV3 CV4, CV5) judges whether the engine 
load is relatively high, and when the engine load is 
relatively high, the means for controlling the dis- 
placement minimizes the displacement of the com- 
pressor. 

14. The air-conditioning system according to claim 12, 
wherein the system is further characterized in that 
the means for controlling the displacement (40, 60, 
CV2, CV3 CV4, CV5) judges whether the engine 
load is relatively small, and when the engine load is 
relatively small, the means for controlling the dis- 
placement maximizes the displacement of the com- 
pressor. 

15. The air-conditioning system according to claim 10, 
wherein the system is further characterized in that, 
when the control mode is changed from the specific 
displacement control mode to the normal displace- 
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selecting a control mode from a plurality of 
modes including a normal displacement control 
mode and a specific displacement control 
mode; 

changing the displacement of the compressor 
such that the pressure difference between two 
pressure monitoring points (P1, P2), which are 
located in the refrigerant, circuit (30), 
approaches a target pressure difference that 
reflects the temperature of a passenger com- 
partment when the normal displacement con- 
trol mode is selected; and 
controlling the compressor to have a predeter- 
mined displacement when the specific dis- 
placement control is selected. 

A control valve used for a variable displacement 
compressor, wherein the compressor is a part of a 
refrigerant circuit (30), and wherein the compressor 
includes a crank chamber (5), a drive plate (6) 
accommodated in the crank chamber (5), a supply 
passage (28) for connecting a discharge pressure 
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zone to the crank chamber (5), and a bleed pas- 
sage (27) for connecting a suction pressure zone to 
the crank chamber (5), wherein the inclination 
angle of the drive plate (6) varies in accordance 
with the pressure in the crank chamber (5) thereby 5 
controlling the displacement of the compressor, the 
control valve being characterized by: 

a valve housing (85); 

a valve chamber (86) defined in the valve hous- 10 
ing (85) to form part of the supply passage (28) 
or the bleed passage (27); 
a movable valve body (82, 96) located in the 
valve chamber (86) to adjust opening size of 
the supply passage (28) or the bleed passage 15 
(27); 

a pressure difference detector (60, CV2, CV3 
CV4) for detecting the pressure difference 
between two pressure monitoring points (P1, 
P2) located in the refrigerant circuit (30), 20 
wherein the position of the valve body (82, 96) 
is affected by a force produced by the detected 
pressure difference; and 
an actuator (M2) for applying a force to the 
pressure difference detector (60, CV2, CV3 25 
CV4), wherein the actuator (M2) changes a tar- 
get pressure difference according to the exter- 
nal command. 



22. The control valve according to claim 21 , wherein 30 
the pressure difference detector (60, CV2, CV3 
CV4) is characterized by: 



23. The control valve according to claim 22, wherein 
the dividing member is characterized by a movable 
wall (92) that moves axially in the valve housing 45 
(85). 

24. The control valve according to claim 22, wherein 
one of the pressure chambers forms part of the 
bleed passage (27), and wherein a valve body so 
(100) is located in the pressure sensing chamber 
(88, 110) that forms part of the bleed passage (27) 
and is connected to the dividing member. 

25. The control valve according to any one of claims 21 55 
to 24, wherein the compressor has a suction cham- 
ber (21), which forms the suction pressure zone, a 
cylinder bore (1a), and a piston (20), which is 
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accommodated in the cylinder bore (1a), wherein 
one of the two pressure monitoring points (P1 , P2) 
is located in the suction chamber (21), and the 
other pressure monitoring point is located in the cyl- 
inder bore (1a), and wherein the pressure differ- 
ence is detected when the piston (20) is performing 
a suction stroke. 

26. The control valve according to any one of claims 21 
to 25, wherein the actuator has a solenoid to 
change an electromagnetic force in accordance 
with the value of electric current supplied to the 
solenoid (M2). 

27. The control valve according to claim 26, wherein 
the control valve is further characterized by force 
means for urging the valve body, wherein, when no 
electric current is supplied to the solenoid, the force 
means urges the valve body in a direction increas- 
ing the pressure of the crank chamber (5). 

28. The control valve according to any one of claims 21 
to 27, wherein, when the detected pressure differ- 
ence deviates from the target pressure difference, 
the pressure difference detector (36, 88, 92, 93, 94) 
moves the valve body to change the opening size of 
the supply passage (28) or the bleed passage (27) 
for controlling the displacement of the compressor 
such that the deviation is eliminated. 

29. The control valve according to any one of claims 21 
to 23, wherein the valve body is located in the sup- 
ply passage (28), and wherein the pressure differ- 
ence detector (36, 88, 92, 93, 94) moves the valve 
body to increase the opening size of the supply 
passage (28) when the detected pressure differ- 
ence increases. 

30. The control valve according to claim 29, wherein 
the pressure monitoring points (P1 , P2) are located 
in the refrigerant circuit (30) between a condenser 
(31) and the discharge pressure zone. 



a pressure sensing chamber (88, 110) defined 
in the valve housing (85); and 35 
a dividing member coupled to the valve body 
(82), wherein dividing member divides the 
pressure sensing chamber (88, 110) into two 
pressure chambers (93, 94, 1 12, 1 13), wherein 
each pressure monitoring point is located in 40 
one of the pressure chambers. 
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